Relation between Ca2+ uptake and fluidity of brush-border membranes isolated from rabbit small intestine and incubated with fatty acids and methyl oleate.
The rate of incorporation of oleic acid into isolated brush-border membranes was found to be considerably faster than methyl oleate incorporation under similar experimental conditions. The effects of fatty acids and methyl oleate incorporation on Ca2+ uptake and fluidity were monitored. Whereas treatment with 0.01-0.05 mM oleic acid corresponding to incorporations smaller than 90 nmol/mg protein enhanced Ca2+ transport, exposures to higher concentrations of this fatty acid corresponding to incorporations larger than 150 nmol/mg protein, decreased uptake of this cation. On the other hand, treatment with 0.01-0.2 mM methyl oleate corresponding to incorporations of up to 220 nmol/mg protein had only a stimulatory effect on the Ca2+ uptake. Oleic acid, linoleic acid and methyl oleate decreased the fluorescence anisotropy of membranes labelled with diphenylhexatriene in a dose-dependent manner. In contrast, palmitic acid had little or no effect on the diphenylhexatriene-reportable order of the membrane within the range of concentrations used. Monitored as a function of temperature, the anisotropy values showed a gradual melting for both the control and lipid-treated membranes. The results support the concept that saturated and cis-unsaturated fatty acids dissolve in different lipid domains and this in itself appears to be an important factor defining whether the biological function of the membrane is affected by the uptake. Incorporation of cis-unsaturated fatty acids in domains harboring the Ca2+ uptake process increases Ca2+ uptake in concert with increased diphenylhexatriene-monitored fluidity. However, when concentrations of such fatty acids in these domains become sufficiently great, the presence of a largely increased number of free carboxyl groups at the membrane surface causes inhibition of Ca2+ uptake.